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ABSTRACT Pallido-ponto-nigral degeneration (PPND)
is one of the most well characterized familial neurodegenera-
tive disorders linked to chromosome 17q21–22. These hered-
itary disorders are known collectively as frontotemporal
dementia (FTD) and parkinsonism linked to chromosome 17
(FTDP-17). Although the clinical features and associated
regional variations in the neuronal loss observed in different
FTDP-17 kindreds are diverse, the diagnostic lesions of
FTDP-17 brains are tau-rich filaments in the cytoplasm of
specific subpopulations of neurons and glial cells. The mi-
crotubule associated protein (tau) gene is located on chro-
mosome 17q21–22. For these reasons, we investigated the
possibility that PPND and other FTDP-17 syndromes might be
caused by mutations in the tau gene. Two missense mutations
in exon 10 of the tau gene that segregate with disease, Asn279Lys

in the PPND kindred and Pro301Leu in four other FTDP-17
kindreds, were found. A third mutation was found in the
intron adjacent to the 3* splice site of exon 10 in patients from
another FTDP-17 family. Transcripts that contain exon 10
encode tau isoforms with four microtubule (MT)-binding
repeats (4Rtau) as opposed to tau isoforms with three MT-
binding repeats (3Rtau). The insoluble tau aggregates isolated
from brains of patients with each mutation were analyzed by
immunoblotting using tau-specific antibodies. For each of
three mutations, abnormal tau with an apparent Mr of 64 and
69 was observed. The dephosphorylated material comigrated
with tau isoforms containing exon 10 having four MT-binding
repeats but not with 3Rtau. Thus, the brains of patients with
both the missense mutations and the splice junction mutation
contain aggregates of insoluble 4Rtau in filamentous inclu-
sions, which may lead to neurodegeneration.

Familial frontotemporal dementia (FTD) with parkinsonism is
a group of neurodegenerative syndromes with diverse but
overlapping clinical and neuropathologic features. Genetic
linkage studies show that, in most of these kindreds, genetic
markers from 17q21–22 cosegregate with the disease. Hence,
this group of syndromes collectively is referred to as fronto-
temporal dementia and parkinsonism linked to chromosome

17 (FTDP-17) (1). The first two families genetically mapped to
17q21–22 were called disinhibition–dementia–parkinsonism–
amyotrophy complex (DDPAC) (2) and pallido-ponto-nigral
degeneration (PPND) (3). Subsequently other families with
FTD were mapped definitively to 17q21–22, and the interval
between genetic markers D17S800 and D17S791 was estab-
lished as the critical region (1). The partial overlap in the
phenotype of these kindreds combined with the common
genetic location of the disease locus suggests that these het-
erogeneous syndromes are allelic.

In each FTDP-17 kindred, the presenting symptoms vary but
reflect specific patterns of neuronal loss in the postmortem
brains (1). For example, PPND patients typically present with
parkinsonism alone or with parkinsonism and personality
changes, correlating with the extent of neuron loss in subcor-
tical nuclei and frontal cortex (4). In contrast, the most common
initial symptom in DDPAC and FTD kindreds is a personality
change reflecting the preferential degeneration of neurons in
the superficial frontal cortex (1). Despite this phenotypic
heterogeneity, a common feature of FTDP-17 is numerous
neuronal and glial inclusions of aggregated filaments of hy-
perphosphorylated tau proteins associated with neuronal loss.

No pathogenic mutations were reported in the tau gene in
two earlier studies of FTDP-17 kindreds (5). Poorkaj et al. (7)
recently described a missense mutation [Val337Met, numbered
according to Goedert et al. (8) for the longest tau isoform] in
the tau gene of affected members of one FTDP-17 kindred
(the Seattle A family). This prompted us to systematically
search for and find three additional mutations in the tau gene
in PPND and other FTDP-17 kindreds. All of these mutations
are in or near coding sequence for the C-terminal tandem
imperfect repeats that contain microtubule (MT)-binding
sites. Differential splicing of transcripts normally leads to
production of tau isoforms with three or four MT-binding sites
(9). Significantly, the biological consequence of all three
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mutations resulted in the formation of aggregates containing
four MT-binding repeats (4Rtau) in the brains of the FTDP-17
patients from these different kindreds. Thus, we suggest that
the formation of 4Rtau isoform aggregates is a pathologic
consequence of the mutations in the tau gene described here
and that this aggregation is responsible for at least some
FTDP-17 syndromes.

MATERIALS AND METHODS

Clinical and Pathological Phenotypes of the FTDP-17 Kin-
dreds. The clinical and pathological features of affected mem-
bers of the PPND, DDPAC, and other FTDP-17 kindreds
studied here have been described extensively in previous
publications (3, 10–12) and are summarized here in Table 1.
The Montreal family, Seattle families D and F, and Oregon
family EL have familial dementia consistent with FTD. There
is only limited clinical and pathologic information available for
most of the other cases that were screened for mutations in this
study. We screened index cases from 33 additional families with
clinical or pathologic FTD, 45 index cases with familial dementia
without autopsy data, and 33 index cases of late onset familial
Alzheimer’s disease (AD) for mutations as described below.

Subject DNA. DNA samples from FTDP-17 families were
prepared from all available affected, at risk subjects and
spouses. Control DNA was from 95 unrelated unaffected
Caucasians with an average age of 39.5 6 11.2.

Mutation Screening. Tau exons were sequenced automati-
cally by purification of a 50-ml PCR using Centricon-100
concentrators (Amicon) followed by sequencing using TaqFS
DNA polymerase, f luorescent dye terminators, and an ABI
373 or 310 DNA sequencer (Applied Biosystems).

Mutation and Polymorphism Assays. For each mutation
and polymorphism detected, assays were developed so that
family members and normal controls could be screened.
Assays for polymorphisms are described elsewhere (7). For the
Asn279Lys mutation, genomic DNA was amplified with the
primer pair 10F (59-CGAGCAAGCAGCGGGTCC) and 10R
(59-GTACGACTCACACCACTTCC). When digested with
the restriction enzyme MboII, the mutant allele produced 136-
and 86-bp fragments whereas the normal allele remained
uncut. For the intronic DDPAC mutation, genomic DNA was
amplified with the primer pair 10F2 (59-AGCAAGCAG-
GCGGGTCCAg-39) and 10 R2 (59-ATTCAAGCCACAG-
CACGGC-39). Digestion of the PCR product with AflIII yielded
fragments of 129, 34, and 31 bp for the normal allele and of 194
and 65 bp for the mutant allele. For the Pro301Leu mutation,
genomic DNA was amplified by using primer pair 10F2y10R2.
On digestion, the PCR product with MspI yielded 137- and 57-bp
fragments for the normal allele, and the mutant allele was uncut.

Biochemical Analysis of Tau Proteins from the Brains of
Several FTDP-17 Kindreds. Tau proteins were extracted from
the insoluble fractions of frontal cortex of two affected mem-
bers of the DDPAC kindred and one affected member of the
Montreal kindred, and frontal cortical gray and white matter
was extracted from the brain of an affected member of the
PPND kindred as described (13). Hyperphosphorylated tau

proteins in the insoluble fractions were dephosphorylated with
alkaline phosphatase according to a published protocol (14).
As a control, native tau samples were incubated identically
except for the addition of 200 mM sodium pyrophosphate to
inhibit alkaline phosphatase. For Western blot analyses, ni-
trocellulose replicas were prepared from 10% SDSyPAGE
gels containing normal (see below) and abnormal tau proteins,
and these replicas were probed with several well characterized
mAbs specific for defined tau epitopes as reported (13). Paired
helical filament tau (PHFtau) was extracted from brains of
patients with AD as described (13), and a mixture of recombinant
human tau proteins (a gift from M. Goedert, MRC Laboratory
of Molecular Biology, Cambridge, England) containing all six
isoforms of brain tau also was used as control samples.

RESULTS

Detection of Mutations in the Tau Gene. The tau gene was
screened for mutations by DNA sequence analysis. Genomic
DNA sequencing spanned all intron–exon boundaries for all
tau exons, including those not normally found in human adult
brain (exons 4a, 6, and 8) for subjects in PPND and DDPAC
families. Genomic DNA from affected subjects in 65 non-AD
kindreds were sequenced at least partially. Because FTDP-17
is autosomal dominant, affected subjects should be heterozy-
gous for the pathogenic mutation. The PPND subject was
heterozygous at 11 sites. Ten of these sites were variable in
normal controls and were thus polymorphisms. The exon 10
variant, a T to G transversion, was not detected in 95 Cauca-
sians and encoded a predicted change of an asparagine to a
lysine at amino acid 279 in the second MT-binding domain.
The 279Lys allele cosegregated with the disease in all affected
subjects tested (n 5 17, Figs. 1A and 2).

An additional missense mutation was identified by DNA
sequence analysis of two familial FTD kindreds (Montreal
family and Seattle D Kindred). In exon 10, a C to T transition
resulted in a predicted amino acid change of a proline to a
leucine at the amino acid position in the second MT-binding
domain and was conserved in all four MT domains in tau (Figs.
1A and 2). This 301Leu allele was not observed in 95 Caucasian
controls. A panel of 111 unrelated affected subjects from familial
dementia kindreds was screened for this mutation and for two
that yielded additional 301Leu carriers (Seattle F and Oregon EL
kindreds). In both cases, all affected family members available for
sampling had the 301Leu mutation. The families with 301Leu are
all of French Canadian ancestry. Genealogic studies and haplo-
type comparisons are underway to determine whether these
families have inherited 301Leu from a common ancestor.

In the DDPAC kindred, no tau coding sequence mutations
were identified. Heterozygous sites were detected in exons 4A
(3 sites), 6 (2 sites), 7, 8, and 9 (4 sites), but all were
polymorphisms (7). In noncoding regions, 12 heterozygous
sites were detected, of which 11 were deemed polymorphisms
based on their common occurrence among controls (informa-
tion on polymorphic sites is available from the authors).
However, a C to T transition that segregates with the disease and
is not observed in 95 unrelated Caucasian controls was identified

Table 1. Families with mutations segregated with the tau gene

Condition, family

No. of
affected
subjects

No. of
autopsied
subjects

Affected
subjects
sampled

Total
subjects
sampled

Mean onset age 6SD
(n) range Mutation

PPND 36 13 17 308 43.7 6 5.5 (33) 32–58 Asn279Lys

DDPAC 13 6 7 33 44.8 6 9.5 (13) 27–56 Intronic
FTD, Montreal 6 1 3 19 57.2 6 2.1 (5) 55–63 Pro301Leu

FTD, Seattle D 6 2 3 5 49.4 6 4.8 (5) 42–57 Pro301Leu

FTD, Seattle F 14 1 5 8 61 6 3.9 (9) 56–67 Pro301Leu

FTD, Oregon EL 4 0 2 3 64.3 6 7.7 (4) 58–75 Pro301Leu
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in intron 10, 14 bp after the 39 end of exon 10 (Fig. 1C). The
proximity of this site to the exon splice-donor site and its absence
in normal controls suggest that this variant may be a pathogenic
mutation that affects the regulation of exon 10 splicing.

Tau Isoforms in the Brains of FTDP-17 Families. Filamen-
tous and abnormal tau protein from affected subjects was
studied to determine the functional consequences of the
mutations observed. Previous studies have shown that tau
isolated from the insoluble fraction (filamentous tau) of the
brains from PPND subjects migrates as two bands with ap-
parent Mr of 69 and 64 (4). To identify which tau isoforms are
present in the insoluble fraction, tau was dephosphorylated,
and the relative electrophoretic mobilities of the native and
dephosphorylated tau proteins were compared with those of
PHFtau isolated from brains of patients with AD and to all six
isoforms of recombinant human tau (Fig. 3). Immunolabeling
with a mixture of two phosphorylation-independent mAbs
(T14 and T46) showed that the dephosphorylated tau protein

from gray and white matter of the PPND brain exhibited
accelerated electrophoretic mobility compared with native tau
from the same brain (compare lanes 2 and 3 and lanes 4 and
5 in Fig. 3A). Furthermore, the dephosphorylated tau comi-
grated with the 4Rtau isoforms but not with the 3Rtau
isoforms (compare lanes 5 and 6 in Fig. 3 A and C). The largest
4Rtau isoform (i.e., 2N4R) is not always detectable because of
the low levels of this isoform even in the normal brain (see
below) (14). Because previous studies have shown tau inclu-
sions in neuronal perikarya in gray matter as well as glial cells
in the white matter (4), we asked whether similar insoluble
4Rtau isoforms are recovered from gray and white matter. Fig.
3 shows that insoluble tau proteins recovered from both gray
and white matter indeed are comprised exclusively of the
4Rtau isoforms (compare lanes Gi and Gd and lanes Wi and
Wd with recombinant tau in lane 6 of Fig. 3 A and C). To
confirm that native tau from PPND brain was dephosphory-

FIG. 3. Western blots of native and dephosphorylated tau from a
PPND brain. Insoluble fractions from gray and white matter were
probed with the anti-tau mAb identified above each blot. Dephos-
phorylation reveals two predominant bands in tau from PPND brain
that align with recombinant 4Rtau isoforms with an apparent molec-
ular weight of 52 and 59. Molecular weight standards are shown in the
left margin, and the positions of each of the nonphosphorylated
recombinant human tau isoforms are labeled. Lane 1 shows PHFtau
from AD brain. Lanes 2 and 3 show native and dephosphorylated tau,
respectively, from gray matter of a PPND brain. Lanes 4 and 5 show
native and dephosphorylated tau, respectively, from white matter of a
PPND brain. Lane 6 shows all six recombinant tau isoforms (Rtau). Gi
and Gd are native (i.e., insoluble) and dephosphorylated tau, respec-
tively, from gray matter of a PPND brain. Wi and Wd are native and
dephosphorylated tau, respectively, from white matter of a PPND
brain. 0N3R, 1N3R, and 2N3R are three repeat tau isoforms with no
vs. one or two amino terminal inserts, respectively. 0N4R, 1N4R, and
2N4R are four repeat tau isoforms with no vs. one or two amino
terminal inserts, respectively.

FIG. 1. Mutation analysis in PPND and other FTDP-17 syndromes.
Pedigree and mutation analyses for three kindreds are shown. Direct
DNA sequence (A) or restriction endonuclease cleavage analyses (B
and C) are shown for three mutations. A shows the analysis for the
PPND kindred with a Asn279Lys mutation. B shows the Pro301Leu

mutation segregating in the Montreal family. C shows the segregation
of the intronic mutation in the DDPAC family. The affected DNA
sequence is shown below each panel. The underlined sequence is the
recognition sequence for a restriction endonuclease. The potential
exon-splicing-enhancer sequence is enclosed in boxes in A. Sexes have
been hidden, and birth orders have been modified to maintain patient
confidentiality. Individuals with shaded symbols are younger than the
average age of onset in Table 1.

FIG. 2. Tau mutations in PPND and other FTDP-17 syndromes.
Organization of the carboxy-terminus of the tau gene is shown. Exons
are shown as boxes. The numbers in parentheses are the size of the
intron, in kilobases. Exon 10, which is spliced alternatively to produce
a transcript for 3Rtau and 4Rtau, is shaded. Black circles indicate the
locations of the four known missense mutations. The intronic DDPAC
mutation is indicated by a black diamond. The repeated microtubule
binding domain’s amino acid sequence is shown below. Mutated amino
acids are indicated in bold. Arrows in the diagram represent the repeats.

Genetics: Clark et al. Proc. Natl. Acad. Sci. USA 95 (1998) 13105



lated completely, identical nitrocellulose replicas were probed
with PHF1, a phosphorylation-dependent mAb, and Tau1, a
dephosphorylation-dependent mAb (13). As expected, native tau
from PPND brain was immunolabeled with PHF1 (Fig. 3B) but
not with Tau1 (Fig. 3C). In contrast, dephosphorylated tau from
the same brain was stained by Tau1 but not by PHF1. Thus, in
PPND brains, isoforms with four MT-binding repeat tau are
aggregated as filamentous inclusions in gray and white matter.

The tau isoforms present in the insoluble fraction also were
examined in brain homogenates from the DDPAC and Mon-
treal kindreds. Two major tau protein bands with apparent Mr
of 69 and 64 and a minor band with Mr of '72 (Fig. 4, lanes
2, 4, and 6) were identified. This 72-kDa protein band probably
is 4Rtau isoform with exons 2 and 3 added [i.e., 2N4Rtau (15)].
Dephosphorylation of insoluble tau from the DDPAC and the
Montreal kindreds increased the electrophoretic mobility of
the tau isoforms such that they comigrated with all three 4Rtau
isoforms (compare lanes 2 and 3, 4 and 5, and 6 and 7 in Fig. 4).
In one of the DDPAC cases (Fig. 4, lane 3) there appears to have
been incomplete dephosphorylation. Thus, our data support the
conclusion that all three mutations reported here resulted in the
formation of aggregates of 4Rtau as insoluble aggregates.

DISCUSSION

Genetic linkage studies localized the FTDP-17 gene to 17q21–
22, the same region that contains the gene for tau. Because of
these genetic data and because FTDP-17 brains have tau
pathology, tau is a strong candidate gene for this disease. The
first evidence that tau mutations can be pathogenic was
reported by Poorkaj et al. (7), who found a tau missense
mutation (Val337Met) that cosegregated with FTD in a large,
well characterized family. We provide additional compelling
evidence here that some FTDP-17 syndromes are caused by
mutations in the tau gene. Specifically, we report two addi-
tional coding sequence missense mutations in exon 10 of the
tau gene in affected members of PPND and four other
FTDP-17 kindreds. The following evidence argues that the
Asn279Lys and Pro301Leu variants described here and the

Val337Met variant (7) are pathogenic mutations: (i) The muta-
tions segregate with the disease in each family studied; (ii) the
mutations are observed only in FTDP-17 kindreds (one family
each for the Asn279Lys and the Val337Met mutations and in four
families for the Pro301Leu mutation) and not in 95 controls; and
(iii) the Pro301Leu change is in a functional domain (MT-
binding repeat) and is conserved in all MT-binding repeats of
humans and other species. The Val337Met mutation is also at a
site in the inter-repeat sequences between the MT-binding
repeats that is conserved in all three inter-repeats in human
and mouse tau (7). Similarly, the Asn279Lys mutation is at an
inter-repeat site conserved between human and mouse.

We also describe a strong association between an intronic
nucleotide substitution 39 to exon 10 in the tau gene and the
disease state in the DDPAC kindred. The evidence that this
mutation is pathogenic is as follows: (i) The mutation is found
only in subjects affected with DDPAC and not in controls; and
(ii) even though disease in this family clearly segregates with
17q21–22 markers, no other mutation was found in any coding
exon. The location of this mutation is adjacent to the splice
donor sequence for exon 10 (Fig. 2 A), and thus it is difficult
from the sequence alone to predict the functional conse-
quences of the mutation. We propose that the mutation may
affect the splicing to cause an increased production of 4Rtau.
A similar argument was made by Conrad et al. (16), who
reported an association between sporadic progressive supranu-
clear palsy and an intronic tau microsatellite polymorphism
(17). In progressive supranuclear palsy, the forms of tau
protein observed are predominantly 4Rtau, which correlates
with an excess of tau mRNA containing exon 10 (18). Taken
together, these findings suggest that genetic variation in po-
tential regulatory sequences in tau introns or regions flanking
the tau gene may play a role in the susceptibility of individuals
to a variety of nonfamilial neurodegenerative syndromes.

Tau proteins in the human brain consist of six alternatively
spliced isoforms with three or four imperfect tandem MT-
binding repeats in the carboxy-terminal domain as well as one,
two, or no amino-terminal inserts. Although the function of
the amino-terminal inserts is unknown, the function of the
carboxy-terminal MT-binding repeats is to bind and stabilize
MTs. Thus, mutations in the MT binding repeats could reduce
the binding of tau to MTs, resulting in the accumulation of
excess tau as insoluble filamentous aggregates in the perikarya
of neurons. The previously described Val337Met substitution is
the result of a missense mutation in exon 12 that encodes the
third MT binding repeat. If the Val337Met mutation disrupts
binding of tau proteins to MTs, the binding of 3Rtau and
4Rtau to MTs should both be affected because the third MT
binding repeat is present in all 3Rtau and 4Rtau isoforms.
Previous studies have shown that the filamentous inclusions
found in this kindred contain hyperphosphorylated tau iso-
forms (3Rtau and 4Rtau) that are biochemically and morpho-
logically indistinguishable from PHFtau in AD (19). Because
the PHFtau that forms PHFs in the neurofibrillary tangles of
the AD brain contains all six tau isoforms (9), we infer that the
Val337Met mutation alters the MT binding ability of all six tau
isoforms such that all of the tau isoforms accumulate as
insoluble PHFs in the brains of these patients.

Unlike the Val337Met mutation, all of the mutations found in
the kindreds described here are either missense mutations in
exon 10 or an intronic mutation near the 39 splice site adjacent
to exon 10. Because exon 10 encodes the second MT-binding
repeat, which is found only in 4Rtau, our biochemical data
demonstrating that 4Rtau isoforms accumulate as insoluble
aggregates in the brains of these patients confirms that only
those tau isoforms containing the MT-binding repeat encoded
by exon 10 (i.e., 4Rtau) are affected. The mechanism whereby
each of the mutations causes the formation of aggregates of
4Rtau may be quite different. For example, the Pro301 residue
encoded by exon 10 is strongly conserved evolutionarily and is

FIG. 4. Western blots of native and dephosphorylated tau from the
DDPAC and Montreal kindreds. Insoluble fractions obtained from the
frontal cortex of two different brains of a DDPAC kindred and a brain
from the Montreal kindred were probed with the two phosphorylation
independent mAbs T14 and T46. Dephosphorylation reveals two
major and one minor band that align with all recombinant 4Rtau
isoforms (lanes 3, 5, and 7). The major bands align with 0N4Rtau and
1N4Rtau isoforms, and the minor band aligns with the 2N4Rtau
isoform. Molecular weight standards are shown in the left margin, and
the positions of each of the nonphosphorylated recombinant tau
isoforms are labeled. Lane 1 shows PHFtau from the brain of a patient
with AD. Lanes 2 and 4 show native tau, and lanes 3 and 5 show
dephosphorylated tau from two different DDPAC brains. Lanes 6 and
7 show native and dephosphorylated tau from a brain of the Montreal
kindred. Abbreviations are as in Fig. 3.
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present in each of the four MT-binding repeats as part of a
ProGlyGlyGly motif. Our finding that 4Rtau but not 3Rtau
isoforms are recovered in the insoluble fraction is consistent
with a reduced 4Rtau binding to MTs, leading to an increase
in 4Rtau in the cytosol followed by the eventual aggregation
of 4Rtau in cell bodies of neurons and glia. Although the
Val337Met and Pro301Leu mutations could be pathogenic because
of altered tau–microtubule binding properties, another hy-
pothesis is that these mutations enhance the tau–tau interac-
tions that occur when abnormal filaments are formed. Thus,
the mutations would accelerate the formation of these fila-
ments, which in turn could be toxic to specific cells.

The mechanism whereby the Asn279Lys mutation described
here causes the aggregation of 4Rtau is less clear. This
substitution in the carboxy-terminal portion of the second
tandem MT binding inter-repeat changes an evolutionarily
conserved residue in exon 10. However, Asn279 is not a
conserved residue in other tandem MT binding inter-repeats.
The other amino acid residues in the same location as Asn279
in other inter-repeats have uncharged polar residues (tyrosine,
serine, and threonine). The Asn279Lys mutation leads to three
adjacent lysine residues. Because previous studies have shown
the importance of inter-repeats in regulating the binding of tau
to MTs (20), the Asn279Lys mutation could reduce the binding
of 4Rtau but not the 3Rtau to MTs. Our biochemical data on
insoluble tau obtained from the PPND kindred are consistent
with this prediction. However, another explanation is that this
mutation affects the regulation of alternative splicing of exon
10 by creating or strengthening an exon-splicing-enhancer
sequence within exon 10. Exon-splicing-enhancers are poly-
purine rich and contain a common 6- to 9-bp repeat of the
sequence GAR, where R is a purine (21–23). The Asn279Lys

mutation changes the normal sequence of TAAGAA to
GAAGAA, a potential GAR exon-splicing-enhancer motif.
The result in PPND subjects may be increased inclusion of
exon 10 in tau mRNA and thus overproduction of 4Rtau
proteins. This hypothesis is also consistent with our biochem-
ical data that the insoluble tau aggregates from PPND brain
predominantly contain 4Rtau.

Finally, the identification of an intronic mutation adjacent to
the splice donor consensus sequence of exon 10 in the tau gene
suggests a possible defect in the regulation of exon 10 splicing.
Because this C to T intronic mutation resides within the ‘‘stem’’
of a short potential stem–loop structure (12-base stem, 6-base
loop) that spanned the splice site of exon 10, it could lead to
destabilization of the stem–loop structure, resulting in in-
creased production of mRNA with exon 10. This in turn will
lead to an increased production of 4Rtau.

Our biochemical data demonstrate that exon 10 mutations
in the tau gene result in the accumulation of the 4Rtau
isoforms as filamentous inclusions in the brains of some
affected FTDP-17 kindreds. We therefore propose that the
mutations in the tau gene of such individuals play a mecha-
nistic role in the onset and progression of this FTDP-17
syndrome by inducing the aggregation of tau isoforms with
four MT binding repeats into the hallmark lesions of the
FTDP-17 brain. Additional studies are needed to test this
hypothesis. The identification of three missense mutations in
the tandem MT binding repeats and an intronic mutation
directly implicate tau in mechanisms leading to hereditary
FTDP-17 neurodegenerative syndromes. Finally, although
pathogenic mutations in the tau gene have not been reported
in familial AD, we speculate that epigenetic alterations in the
biophysical properties of wild-type tau also might play a
mechanistic role in the onset and progression of sporadic
forms of AD and related neurodegenerative diseases.

Note. Since the initial submission of this manuscript, two papers have
identified additional mutations in the tau gene that produce familial
dementia (24, 25). Hutton et al. (25) identify additional families with

the Pro301Leu mutations. Both papers identify mutations in the 39 prime
region of exon 10 that are posited to affect RNA splicing.
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